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The atyid shrimp genus Caridina H. Milne 
Edwards, 1837 contains a large number of 
valid taxa on Sulawesi, Indonesia, of which 
39 are endemic land-locked species!”, and 37 
are non-endemic amphidromous ones. The 
endemic taxa are characterized by having a 
relatively small number of large eggs and the 
larvae not going through a planktonic 
phase**°. Most of the endemic species have 
relatively restricted distributions. For 
example, in Hong Kong, the endemic C. 
cantonensis, shows subtle genetic differences 
among individual populations even though it 
is found in several drainages®. Non-endemic 
species invariably have a large number of 
small eggs which helps in dispersal through 
the open sea’®*.!°, 

Tojo, Ampana, and Luwuk in the eastern 
arm of Sulawesi have not been well studied 
for their freshwater shrimp. The latest study 
by Klotz et al. (2007)'' added two new 
Caridina records, i.e., C. buehleri Roux, 1934 
(confirmed as C. gueryi by de Mazancourt et 
al. 2020), and C. appendiculata Jalihal & 
Shenoy, 1998, both from the Malotong 
Freshwater Spring near Ampana at Luwuk 
Peninsula. The first author therefore started to 
survey the diversity of Caridina in this area to 


promote the conservation of key habitats 
present there. 

Specimens were collected from seven 
localities (Fig. 1, Table 1) between December 
2019 and August-November 2020, and 
included various types of habitats including 
small permanent pool, creek and streams. All 
specimens were caught with a tray net’? and 
preserved in 95% ethanol. The study of the 
specimens was conducted with Nikon SMZ 
745T and Olympus SZ61 stereomicroscopes 
equipped with an OptiLab camera. Line 
drawings were derived from photographs 
using Adobe Illustrator software. Specimens 
were kept in the Laboratory of Animal 
Biosystematics and Ecology, Department of 
Biology, Faculty of Mathematics and Natural 
Sciences, IPB University, Bogor, Indonesia. 
The preserved eggs were measured based on 
the longest and the shortest axis using a digital 
caliper (0.1 mm). The abbreviation “cl” was 
used for carapace length in millimeters (mm) 
and is measured from the margin behind the 
orbit to the posterior edge of the carapace. 


Caridina sp. 1 

(Fig 2A—C) 

Habitat: One female (cl 4.02 mm) was found 
in Gui Creek, Ulubongka (Table 1), among 
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FIGURE 1. Sampling locations and distribution of Caridina spp. in eastern Sulawesi (see Table 1 for details). 
Black circle: samples present from location; white circle: samples absent from location. The map was prepared 
using DEM SRTM 90m provided by U.S. Geological Survey (https://earthexplorer.usgs.gov/). 


twigs and sago leaves litter with muddy 
substrate, with dissolved oxygen of about 6.6 
mg/l. The site is a small stream near a 
cornfield covered by dense riparian vegetation 
along the stream. 

Diagnosis—— Rostrum very short, bent, not 
reaching end of first segment of antennular 
peduncle (Fig. 2A). Dorsal margin with 7 
minute teeth, ventral margin with 2 minute 
teeth. Carpus of first pereiopod excavated 
anteriorly, 1.3 times as long as wide (Fig. 2B). 
Second pereiopod with slender carpus, about 
4.6 times as long as wide (Fig. 2C). Propodus 
of third pereiopod about 8.0 times as long as 


wide. Uropodal diaeresis with 18 movable 
spinules. Unfortunately, no ovigerous females 
were found during the study. 

Remarks.— This species resembles C. 
minidentata Cai & Anker, 2004" from a cave 
in West Samar, Philippines. Caridina 
minidentata, however, does not have rostral 
ventral tooth, and the carpus of the first and 
the second pereiopods are proportionately 
more slender than those of Caridina sp. 1 (see 
Cai & Anker, 2004'*: 250, Figs. 10, 11). At 
the moment the exact specific status of 
Caridina sp. 1 cannot be determined due to 
the lack of specimens. 
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TABLE 1. List of species Caridina spp. in eastern Sulawesi, Indonesia, with their respective localities and 

















elevations. 
Site z g i 
code Locations Elevation (m) Species Date/ Source 

1 Gui Creek, Ulubongka, Central Sulawesi, 357 Caridina sp. 1 29/12/19 
Indonesia 

2 Borneang Stream, Ulubongka, Central 105 Caridina laoagensis 08/08/20 
Sulawesi, Indonesia 

3 Watusongu Stream, Ulubongka, Central 158 Caridina laoagensis 09/01/20 
Sulawesi, Indonesia Caridina weberi 

4 Stream near Uematopa that flows into the 257 Car idina laoag ensis 10/11/20 
Bongka River, Ulubongka, Central Caridina weberi 
Sulawesi, Indonesia 

5 Marondo Stream, Tojo, Central Sulawesi, 517 Caridina weberi 22/08/20 
Indonesia 

6 Small permanent pool, near Marondo 517 Caridina sp. 2 22/08/20 
Stream, Tojo, Central Sulawesi, 
Indonesia 

7 Ariston Stream, Tojo, Central Sulawesi, 580 Caridina sp. 2 22/08/20 
Indonesia 

8 Freshwater spring in Malontong, 15 Caridina gueryi Klotz et al. 2007 
Ampana, Central Sulawesi, Indonesia Caridina appendiculata 

Caridina sp. 2 2) large egg-size (0.95-1.09 x 0.59-0.64 mm 
(Fig 2D-F) in diameter) (n = 2) (cl 3.98-4.14 mm). 


Habitat: Three males (cl 3.71-4.00 mm), two 
females (cl 4.16-4.63) and three ovigerous 
females (cl 3.98-4.25) were collected. This 
species was found from two sites: a small 
permanent pool near Marondo Stream, and in 
Ariston Stream (Table 1). At the first site, the 
shrimps were found associated with leaf litter 
in a small pool located about one meter from 
Marondo Stream with poor oxygenation 
ranging from 2.3—2.6 mg/l. In Ariston Stream, 
Caridina sp. 2 was seen from the riverbank 
with a very slow current, densely covered 
with leaf litter and twigs, and containing 
dissolved oxygen with the range 7.9-8.2 mg/l. 
Diagnosis. Rostrum short (Fig. 2D), 
reaching near or beyond end of basal segment 
of antennular peduncle, usually armed with 
rostral formula 0—2+0-7/0-3. Carpus of first 
pereiopod about 2.0-3.2 as long as wide, and 
carpus of second pereiopod 5.4—6.2 as long as 
wide. Uropodal diaeresis with 12—15 movable 
spinules. Caridina sp. 2 has few (22 or 23, n = 





Remarks.— This species is most similar to C. 
sulawesi Cai & Ng, 2009" based on the shape 
and the tooth formula of the rostrum. Male 
Caridina sp. 2, however, has a triangular 
endopod of the first pleopod (Fig. 2E) (versus 
subrectangular in C. sulawesi, cf. Cai & Ng, 
2009: 1105, fig. 7G) and the appendix 
masculina is about half the length of the 
endopod (Fig. 2F) (versus almost as long as 
the length of the pleopod in C. sulawesi, cf. 
Cai & Ng, 2009: 1105, fig. 7H). 


Caridina laoagensis Blanco, 1939 

(Fig. 2G, H) 

Habitat: One male (cl 5.00 mm), one female 
(cl 6.72 mm), and four ovigerous females (cl 
7.63-8.76 mm) were collected from three 
locations, i.e. Borneang Stream, Watusongu 
Stream, and a stream near Uematopa that 
flows into the Bongka River (Table 1). This 
species was found from low altitude sites to 
highlands, and commonly found clinging on 
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FIGURE 2. Morphology of Caridina spp. from this study. Caridina sp. 1, 2 cl 4.02 mm; A. Rostrum; B. First 
pereiopod; C. Second pereiopod. Caridina sp. 2, 2 cl 4.16 mm; D. Cephalothorax; 3 cl 3.9 mm; E. First male 
pleopod; F. Second male pleopod. Caridina laoagensis, ovigerous 2 cl 8.18 mm; G. Cephalothorax; H. Distal 
portion of telson. Caridina weberi, 3 cl 5.20 mm; I. Cephalothorax; J. Distal portion of telson. Scale bars: A—D, G, 


I= 1 mm; E, F, H, J=0.5 mm. 


plant roots, water plants, and leaf litter with 
sandy and rocky substrates. 

Diagnosis.— Rostrum reaching end of second 
segment to near middle of third segment of 
antennular peduncle, straight downward with 
no dorsal teeth behind orbit (Fig. 2G). Rostral 
formula 0+15—23/2-5. Carpus of first 
pereiopod excavated anteriorly, 1.4—-1.7 times 
as long as wide (n = 4). Carpus of second 
pereiopod more slender, 4.8—5.5 times as long 
as wide (n = 4). Diaeresis with 19-20 
movable spinules. Distal margin of telson 
with 2 pairs of lateral spines, outer spine 





longer than sublateral one (Fig. 2H). Size of 
eggs 0.28-0.41 x 0.18-0.25 mm in diameter 
(n = 2) (cl 8.18-8.21 mm). 

Remarks.— According to several workers'*!°, 
this species is closely related to C. weberi De 
Man, 1892 but can be easily differentiated by 
the dorsal rostral armature and the presence of 
lateral spines on the distal margin of the 
telson. On the basis of the specimens we have, 
it appears that only the presence of the lateral 
spines on the distal margin of the telson is a 
reliable character to separate the two species. 
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Caridina weberi De Man, 1892 

(Fig. 2I-J) 

Habitat: Four males (cl 4.05-5.55) and one 
female (cl 5.83) were found in three sites, i.e. 
Watusongu Stream, a stream near Uematopa 
and Marondo Stream. Caridina laoagensis is 
also present in the first two mentioned streams 
(Table 1). 

Diagnosis. Rostrum straight, reaching 
distinctly beyond end of basal segment but 
never reaching distal end of second segment 
of antennular peduncle (Fig. 2I). Rostral 
formula 0+14—21/2-4. Carpus of first 
pereiopod 1.7—1.8 times as long as wide (n = 
2) and carpus of second pereiopod 4.5—-4.6 
times as long as wide (n = 2). Diaeresis with 
13-18 movable spinules. Distal margin of 
telson with 1 pair of lateral spines (Fig. 2J). 
Size of eggs 0.35-0.42 x 0.19-0.25 mm 
diameter’. 

Remarks.— The Sulawesi specimens agree 
well with the original description of C. 
weberi" (see de Mazancourt et al. 2020)”. 








General Discussion 

This survey increases the number of 
Caridina species present in the eastern part of 
Sulawesi. The sampling effort, however, 
could nevertheless be improved as there were 
many more sites which could not be surveyed 
due to the constraints of time and logistics. 
More thorough sampling efforts and studies 
will be needed in the future to better 
understand the diversity and distribution of 
Caridina species in Sulawesi, especially in the 
eastern part of this island. 

In 2016, C. laoagensis was recorded from 
Palu area, Central Sulawesi'*. The present 
finding of this species from the eastern arm of 
Sulawesi becomes the second report of this 
taxon from outside of the Philippines'*!*”. 
Since the specific status of C. laoagensis and 
C. weberi is not very clear”, molecular 
studies should be done in the future which 
may help clarify their identities. 


The taxonomic status of Caridina sp. 1 and 
Caridina sp. 2 cannot be resolved at present 
and they are treated as two different taxa for 
the time being. An ongoing molecular 
analysis is being conducted to solve the 
problem. 

This study shows that only Caridina sp. 2 
from Marondo and Ariston has large egg- 
sizes, a character of a land-locked species. It 
probably spends its entire lifecycle in 
freshwater and is likely to have a small 
distribution. In contrast, C. laoagensis?! and 
C. weberi? have numerous small eggs, and 
their larvae almost certainly will have a long- 
life planktonic phase which require high-level 
salinity water. 


ACKNOWLEDGEMENTS 


The authors thank Prof. Peter Ng of 
National University of Singapore, Republic of 
Singapore and Dr. Timothy J. Page of Griffith 
University, Australia for their corrections and 
improving the English of this paper. This 
study was funded by the Indonesia Endowment 
Fund For Education (LPDP), Ministry of 
Finance, the Republic of Indonesia through a 
scholarship program to the first author (No. KET- 
1138/LPDP.4/2019). Thanks are also due to the 
two anonymous reviewers for their valuable 
comments on the manuscript. 


LITERATURE CITED 


1. Klotz, W. and von Rintelen, K. 2013. Three new 
species of Caridina (Decapoda: Atyidae) from 
Central Sulawesi and Buton Island, Indonesia, and a 
checklist of the islands’ endemic species. Zootaxa, 
3664: 554-570. 

2. Klotz, W., von Rintelen, T., Wowor, D., Lukhaup, 
C. and von Rintelen, K. 2021. Lake Poso’s shrimp 
fauna revisited: the description of five new species 
of the genus Caridina (Crustacea, Decapoda, 
Atyidae) more than doubles the number of endemic 
lacustrine species. Zookeys, 1009: 81-122. 

3. Lai, H-T. and Shy, J-Y. 2009. The larval 
development of Caridina pseudodenticulata 





342 TROPICAL NATURAL HISTORY. 21(2), AUGUST 2021 
(Crustacea: Decapoda: Atyidae) reared in the 12.de Mazancourt, V., Boseto, D., Marquet, G. and 
laboratory, with a discussion of larval Keith, P. 2020. Solomon’s Gold Mine: Description 


10. 


11. 


metamorphosis types. Raffles Bulletin of Zoology 
Supplement, 20: 97—107. 

Wowor, D., Muthu, V., Meier, R., Balke, M., Cai, Y. 
and Ng, P.K.L. 2009. Evolution of life history traits 
in Asian freshwater prawns of the genus 
Macrobrachium (Crustacea: Decapoda: Palaemonidae) 
based on multilocus molecular phylogenetic analysis. 
Molecular Phylogenetics and Evolution, 52: 340-350. 
Vogt, G. 2013. Abbreviation of larval development 
and extension of brood care as key features of the 
evolution of freshwater Decapoda. Biological 
Reviews, 88: 81-116. 

Tsang, L.M., Tsoi, K.H., Chan, S.K-F., Chan, T.K-T. 
and Chu, K.H. 2016. Strong genetic differentiation 
among populations of the freshwater shrimp 
Caridina cantonensis in Hong Kong: implications 
for conservation of freshwater fauna in urban areas. 
Marine and Freshwater Research, 68: 187—194. 

Page, T.J. and Hughes, J. 2007. Radically different 
scales of phylogeographic structuring within cryptic 
species of freshwater shrimp (Atyidae: Caridina). 
Limnology and Oceanography, 52: 1055-1066. 
Bernardes, S.C., Pepato, A.R., von Rintelen, T., von 
Rintelen, K., Page, T.J., Freitag, H. and de Bruyn, 
M. 2017. The complex evolutionary history and 
phylogeography of Caridina typus (Crustacea: 
Decapoda): long-distance dispersal and cryptic 
allopatric species. Scientific Reports, 7: 1-13. 

Irving, R.A., Dawson, T.P. and Wowor, D. 2017. An 
amphidromic prawn, Macrobrachium latimanus 
(von Martens, 1868) (Decapoda: Palaemonidae), 
discovered on Pitcairn, a remote island in the 
southeastern Pacific Ocean. Journal of Crustacean 
Biology, 37: 503-506. 

de Mazancourt, V., Marquet, G. and Keith, P. 2019. 
Revision of freshwater shrimps belonging to 
Caridina weberi complex (Crustacea: Decapoda: 
Atyidae) from Polynesia with discussion on their 
biogeography. Journal of Natural History, 53: 815- 
847. 

Klotz, W., Karge, A. and von Rintelen, K. 2007. A 
redescription of two atyid shrimps (Decapoda: 
Caridina) from Central Sulawesi, Indonesia. 
Zootaxa, 1466: 1—10. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


or redescription of 24 species of Caridina 
(Crustacea: Decapoda: Atyidae) freshwater shrimps 
from the Solomon Islands, including 11 new species. 
European Journal of Taxonomy, 696: 1—86. 

Ng, P.K.L. 2017. Collecting and Processing 
Freshwater Shrimps and Crabs. Journal of 
Crustacean Biology, 37: 115-122. 

Cai, Y. and Anker, A. 2004. On a collection of 
freshwater shrimps (Crustacea Decapoda Caridea) 
from the Philippines, with descriptions of five new 
species. Tropical Zoology, 17: 233-266. 

Cai, Y. and Ng, P.K.L. 2009. The freshwater 
shrimps of the genera Caridina and Parisia from 
karst caves of Sulawesi Selatan, Indonesia, with 
descriptions of three new species (Crustacea: 
Decapoda: Caridea: Atyidae). Journal of Natural 
History, 43:1093-1114. 

Cai, Y., Choy, S. and Ng, P.K.L. 2009. Epigean and 
hypogean freshwater shrimps of Bohol Island, 
Central Philippines (Crustacea: Decapoda: Caridea). 
Raffles Bulletin of Zoology, 57: 65-89. 

De Man, J.G. 1892. Decapoden des Indischen 
Archipels. In: Weber, M. (Ed.). Zoologische 
Ergerbnisse einer Reise in Niederländisch Ost- 
Indien, EJ Brill, Leiden, 265-527 pp. 

Mulyati, T., Fahri and Annawaty. 2016. Inventarisasi 
udang air tawar genus Caridina di Sungai Poboya, 
Palu, Sulawesi Tengah. Inventarisation of the 
freshwater shrimp genus Caridina in Poboya River, 
Palu, Central Sulawesi. Online Jurnal of Natural 
Science, 5: 83—96. 

Cai, Y. and Shokita, S. 2006. Report on a collection 
of freshwater shrimps (Crustacea: Decapoda: 
Caridea) from the Philippines, with descriptions of 
four new species. Raffles Bulletin of Zoology, 54: 
245-270. 

Chace, F.A. Jr. 1997. The Caridean shrimps 
(Crustacea: Decapoda) of the Albatross Philippine 
expedition 1907-1910. Part 7: Families Atyidae, 
Eugonatonotidae, Rhynchocinetidae, Bathypalaemonellidae, 
Processidae, and Hippolytidae. Smithsonian 
Contribution to Zoology, 587: 1-106. 

Blanco, G.J. 1939. Four new Philippine species of 
fresh-water shrimps of the genus Caridina. 
Philippine Journal of Science, 70: 389-395. 


